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SUSCEPTOR HEATER AND METHOD OF
HEATING A SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of and claims priority to
U.S. patent application Ser. No. 13/535,214 entitled SUS-
CEPTOR HEATER AND METHOD OF HEATING A SUB-
STRATE, filed on Jun. 27, 2012, the disclosure of which is
incorporated herein by reference.

FIELD OF THE DISCLOSURE

This disclosure relates generally to semiconductor pro-
cessing, and more particularly to a susceptor and susceptor
heater providing a more uniform heat distribution to a sub-
strate.

BACKGROUND

Semiconductor fabrication processes are typically con-
ducted with the substrates supported within a chamber under
controlled conditions. For many purposes, semiconductor
substrates (e.g., wafers) are heated inside the process cham-
ber. For example, substrates can be heated by direct physical
contact with an internally heated wafer holder or “chuck.”
“Susceptors” are wafer supports used in systems where the
wafer and susceptors absorb heat.

Some of the important controlled conditions for processing
include, but are not limited to, fluid flow rate into the chamber,
temperature of the reaction chamber, temperature of the fluid
flowing into the reaction chamber, and temperature of the
fluid throughout the fluid line.

Heating within the reaction chamber can occur in a number
of'ways, including lamp banks or arrays positioned above the
substrate surface for directly heating the susceptor or suscep-
tor heaters/pedestal heaters position below the susceptor. Tra-
ditionally, the pedestal style heater extends into the chamber
through a bottom wall and the susceptor is mounted on a top
surface of the heater. The heater may include a resistive heat-
ing element enclosed within the heater to provide conductive
heat and increase the susceptor temperature. A major draw-
back to the resistive pedestal heater is the great deal of heat
necessary in order to sufficiently raise the top surface tem-
perature of the susceptor. In order to provide this high level of
heat transfer, the pedestal heater and the susceptor interface
becomes very hot and may lead to fusion between the two
parts. Unfortunately, fusing the susceptor and heater together
leads to increased reaction chamber downtime and additional
refurbishment/replacement costs. Still further, there remains
a continued risk of uneven heating susceptor heating.

SUMMARY

Various aspects and implementations are disclosed herein
that relate to substrate support assembly designs and methods
of heating a substrate within a reaction chamber. In one
aspect, a susceptor heater includes a spacing member, a heat-
ing member connected to the spacing member, a shim remov-
ably mounted on the heating member, a fluid line inlet tra-
versing the heating member, and a heat conductive fluid
introduced through the fluid line inlet.

In an implementation, the susceptor heater may further
include a fluid manifold connected to the heating member and
the fluid line inlet. The susceptor heater fluid manifold may
further include an inlet port and at least one outlet port. The at
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2

least one manifold outlet port may be positioned at an angle
between 90 degrees and 180 degrees from the inlet port. The
at least one outlet port may be three outlet ports positioned
120 degrees apart from each other. The fluid manifold may
position a susceptor on the susceptor heater.

The susceptor heater may further include a susceptor posi-
tioned on the shim and defining a cavity between the suscep-
tor, the shim, and the heating member. The cavity may further
include a variable cross-sectional area. The heat conductive
fluid may be selected from the group consisting of helium,
nitrogen, and hydrogen. The susceptor heater may further
include at least one fluid line exit positioned radially outside
of the fluid line inlet. Each of the at least one fluid line exits
may surround a wafer lift pin.

Each of the at least one fluid line exits may be in commu-
nication with a slot in the heating member. The slot may be in
fluid communication with an outlet port. The heat conductive
fluid may flow radially outward from the fluid line inlet. The
susceptor heater may further include a heating element dis-
posed within the heating member radially inward from the
shim. The heating element may be positioned below a cavity
formed by a susceptor, the shim, and the heating member.

In another aspect, a wafer processing apparatus may
include a susceptor having a top side and a backside, a sus-
ceptor heater having a spacing member and a heating mem-
ber, a shim removably mounted between the susceptor and the
susceptor heater, a cavity formed by the susceptor backside,
the susceptor heater, and the shim, a fluid inlet communicat-
ing with the cavity, and a plurality of fluid outlets communi-
cating with the cavity.

In an implementation, the wafer processing apparatus may
further include flowing a heat conducting fluid through the
fluid inlet, the cavity, and the plurality of fluid outlets. The
heat conducting fluid may be helium. A heating element may
be disposed within the susceptor heater and provides thermal
energy to the heat conducting fluid. The fluid may flow radi-
ally outward from the fluid line inlet to the plurality of fluid
outlets through the cavity.

In yet another aspect, a method of heating a susceptor in a
wafer processing chamber includes the method of providing a
susceptor having a top side and a backside, a susceptor heater
having a spacing member and a heating member, a shim
removably mounted between the susceptor and the susceptor
heater, a cavity formed by the susceptor backside, the suscep-
tor heater, and the shim, a fluid inlet communicating with the
cavity, and a plurality of fluid outlets communicating with the
cavity, powering the heating element, and flowing a heat
conductive fluid through the fluid inlet, the cavity, and the
plurality of fluid outlets.

In an implementation, the heat conductive fluid may be
helium. The fluid inlet orients the fluid flow within the cavity.
A portion of the plurality of fluid outlets may be adjacent the
shim and a portion of the plurality of fluid outlets may sur-
round a plurality of lift pins. The heat conductive fluid may be
cooled prior to the flowing step to reduce the susceptor tem-
perature.

This Summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed sub-
ject matter, nor is it intended to be used to limit the scope of
the claimed subject matter. Furthermore, the claimed subject
matter is not limited to implementations that solve any or all
disadvantages noted in any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view of a reaction chamber with
a susceptor, a susceptor heater, and a cavity between the
susceptor and the susceptor heater.
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FIG. 2 is a cross-sectional view of a reaction chamber with
a susceptor, a susceptor heater, and a cavity between the
susceptor and the susceptor heater.

FIG. 3 is an exploded perspective view of a substrate sup-
port assembly with a shim and fluid flow cavities.

FIG. 4 is an enlarged cross-sectional view of the section
labeled FIG. 4 in FIG. 1.

FIG. 5 is an enlarged cross-sectional view of the section
labeled FIG. 5 in FIG. 2.

FIG. 6 is an enlarged cross-sectional view of the section
labeled FIG. 6 in FIG. 2.

FIG.7is an exploded view of a second aspect susceptor and
susceptor heater with a coated susceptor heater.

FIG. 8 is an enlarged cross-sectional view of the second
aspect susceptor and susceptor heater.

DETAILED DESCRIPTION

The present aspects and implementations may be described
in terms of functional block components and various process-
ing steps. Such functional blocks may be realized by any
number of hardware or software components configured to
perform the specified functions and achieve the various
results. For example, the present aspects may employ various
sensors, detectors, flow control devices, heaters, and the like,
which may carry out a variety of functions. In addition, the
present aspects and implementations may be practiced in
conjunction with any number of processing methods, and the
apparatus and systems described may employ any number of
processing methods, and the apparatus and systems described
are merely examples of applications of the invention.

FIGS. 1 and 2 illustrate two cross-sectional views of a
reaction chamber 10 taken along two different section lines to
illustrate some of the various components therein. Reaction
chamber 10 includes a showerhead 12 for directing process
gases into the reaction chamber 10 and particularly on a
substrate to be processed. The reaction chamber 10 may be
divided into two chambers, an upper chamber 14 and a lower
chamber 16 in one aspect. Upper chamber 14 generally
includes showerhead 12, susceptor 18, and a chamber sealing
mechanism 20 which together define a processing area 22.
Processing area 22 is further generally defined by a bottom
surface of showerhead 12 and a top surface of susceptor 18.
Susceptor 18 may also include a central portion 24, a sealing
ring 26, and a wafer positioning ring 28. Sealing ring 26 may
be used to contact chamber sealing mechanism 20 when the
susceptor 18 is in the processing position to separate the upper
chamber 14 and lower chamber 16. Although the chamber
sealing mechanism 20 is shown as a solid member, it may be
semi-rigid, flexible, a labyrinth type seal in conjunction with
the susceptor sealing ring 26, or any other suitable sealing
mechanism to separate the upper chamber 14 from the lower
chamber 16.

Moving to the lower chamber 16, a susceptor heater 30
includes a heating member 32 having a shape similar to
susceptor 18 and a spacing member 34 positioned generally
90 degrees from heating member 32. Spacing member 34
may include a spacing bore 36 extending through a portion of
spacing member 34 to carry an inlet tube 38 and an outlet tube
40 therein. A radiation shield 42 is secured to spacing member
34 with a radiation shield mount 44 on the exterior of spacing
member 34. Radiation shield 42 limits the radiant heat lost to
the lower chamber during processing.

Heating member 32 may include any number of heating
mechanisms (not specifically shown) known in the art,
including but not limited to a resistance heater, lamp banks, or
inductive heaters. The heating mechanism is generally posi-
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4

tioned near a top surface 46 of heating member 32 and within
aheater section 48. In most aspects, the heating mechanism is
positioned wholly within the heater section 48 and is not
separately visible, but maybe in certain instances. Further, a
lower portion 50 of heating member 32 and heater section 48
may be fused together or assembled as a single piece.

Heating member 32 may also include a slot 52 communi-
cating with outlet tube 40 to direct a gas flow from the sus-
ceptor heater 30 as will be described in greater detail below.
The heating member 32 may include a through hole 54 dis-
posed within the member for receiving inlet tube 38 and a
fluid manifold 56. A through hole 53 may be disposed proxi-
mate through hole 54 and is in fluid communication with slot
52 and outlet tube 40. Fluid manifold 56 may be mounted
directly to inlet tube 38 and may assist in positioning the
susceptor 18 with respect to susceptor heater 30.

As also shown in FIG. 1, lower chamber 16 may be par-
tially defined by a chamber 58 formed by side walls 60 and
bottom wall 62. An inert gas line 64 may be used to permit a
continuous flow of a gas into the lower chamber 16 to assist in
maintaining the chamber temperature. In one implementa-
tion, the inert gas line 64 provides an inert gas, although any
suitable fluid may be utilized beyond an inert gas.

Moving to the interface between susceptor 18 and suscep-
tor heater 30, a shim 66 may be positioned on heating member
top surface 46 and contacting a bottom surface 68 of suscep-
tor 18 when fully assembled. Shim 66 may have an open
central portion defining a heating cavity 70 between an inner
surface 72 of shim 66, the bottom surface 68 of susceptor 18
and the top surface 46 of susceptor heater 30. Further, shim 66
may have an aperture 74 (shown in FIG. 7 for example) for
receiving a locating pin 76 embedded in susceptor heater 30
and receivable within a bore 78 in susceptor 18 and particu-
larly bottom surface 68 of the susceptor.

FIG. 2 illustrates another cross-sectional view of the
assembled reactor in the processing position. Slot 52 is shown
on both a right side and a left side of inlet tube 38 to provide
a return line to the outlet tube in order to remove the flow of
a heat conductive fluid as will be discussed in greater detail
below. A lift pin assembly 80 is shown to the right of inlet tube
38. However, in this implementation three lift pin assemblies
are utilized. Nevertheless it is within the spirit and scope of
the disclosure to incorporate any number of lift pin assem-
blies as may be required by the application.

Lift pin assembly 80 may include a lift pin 82 slidably
maintained within a lift pin bushing 84. Lift pin bushing 84 is
usually press fit into a through hole 86 in susceptor 18, while
the lift pin may also pass through a fluid line exit 89. Fluid line
exit 89 is preferably sized large enough to permit both lift pin
82 to pass through as necessary, but also to simultaneously
flow heat conductive fluid therethrough. Similar to traditional
operation, a lift pin stop 90 is position along bottom wall 62
and functions to bias lift pin 82 upwards when a bottom
portion of lift pin 82 contacts lift pin stop 90, thereby raising
the substrate on the susceptor.

FIG. 3 illustrates a perspective exploded view of susceptor
18, shim 66, and susceptor heater 30. Shim 66 may include a
plurality of locating tabs 92 extending downward from the
perimeter of shim 66 arranged to contact an outer perimeter of
susceptor heater 30 and assisting in maintaining the position
of'shim 66 during processing. Heater section 48 of susceptor
heater 30 includes a plurality of fluid line exits 88 and 89, with
one implementation having three fluid line exits 88 positioned
adjacent an outer edge of heater section 48 and three fluid line
exits 89 positioned coaxial with lift pins 82 and through holes
86. Still further, in this implementation, the fluid line exits 88
positioned adjacent an outer edge of heater section 48 are
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preferably aligned with slots 52 in lower portion 50 and more
preferably aligned with an outer edge of slots 52. Slots 52 are
used to direct the fluid flow radially back towards the center
after providing heat transfer to susceptor 18 and ultimately
the substrate to be processed.

Fluid manifold 56 is positioned within a recessed portion
94 having ramped side walls 96 which provide an angular
flow to the conductive fluid exiting fluid manifold 56 through
the manifold outlet ports 98 and into heating cavity 70. As
discussed above, fluid manifold 56 also includes a centering
protrusion 100 and a spacing portion 102. Centering protru-
sion 100 is oriented to fit within a susceptor centering aperture
104 and provide more accurate and efficient positioning of the
susceptor. Further, spacing portion 102 provides a flat surface
for susceptor bottom surface 68 to contact while still main-
taining heating cavity 70 between the non-contacted portion
of susceptor bottom surface 68 and heating member top sur-
face 46 of susceptor heater 30. Accordingly, there is provided
a fluid line inlet in fluid communication with a fluid manifold
to direct a heat conductive fluid in a cavity between the
susceptor and the susceptor heater. The heat conducting fluid
then flows radially outward until reaching fluid line exits 88
adjacent the outer edge or fluid line exits 89 surrounding the
lift pins, or both as necessary. The fluid then travels through
the fluid line exits 88 and into slots 52 where the fluid is then
directed radially inward towards outlet tube 40 to remove the
fluid from the susceptor heater vicinity. Thus, it is seen that a
fluid, or fluid in gaseous form, may be provided between the
susceptor heater and the susceptor to provide a more efficient
heat transfer from the susceptor heater to the susceptor and
ultimately the substrate to be processed.

It should be noted that the advantageous heat transfer may
occur primarily due to the presence of the heat conductive
fluid 106 being present within the heating cavity 70 and that
flowing of the fluid is not required. The heat conductive fluid
assists by taking on energy from the susceptor heater and
impacting the susceptor at a greater rate of speed to transfer
the heat energy at a great velocity in one aspect.

FIG. 4 illustrates an enlarged view of portions of susceptor
18 and susceptor heater 30. As particularly seen in this view,
fluid manifold 56 is positioned between susceptor 18 and
susceptor heater 30 and in fluid communication with inlet
tube 38 and heating cavity 70. Specifically, manifold outlet
ports 98 may be positioned at an angle A with respect to inlet
tube 38. In one implementation, angle A can be between 90
degrees and 180 degrees, particularly between 90 degrees and
150 degrees, and more particularly at an angle A of 120
degrees from inlet tube 38. As such, the angle A provides for
an angular exhaust of fluid manifold outlet ports 98 to direct
a heat conductive fluid 106 into heating cavity 70.

A heat conductive fluid 106 is pumped through inlet tube
38 into fluid manifold 56 and then radially outward through
heating cavity 70 and adjacent ramped sidewalls 96. The heat
conductive fluid 106 exits manifold outlet ports 98 radially
outward of inlet tube 38. While heating cavity 70 is shown as
having a generally constant cross-sectional area radially out-
ward of ramped sidewalls 96, the ramped sidewalls 96 assist
is directing the heat conductive fluid 106 into the heating
cavity 70 and may be used to increase the velocity of the fluid
by moditying the shape of the ramps. Heating cavity 70 may
have a variable cross-sectional thickness at various locations
where an increase or a decrease in the amount of heat con-
ductive fluid would affect the localized heat transfer to the
specific position of the susceptor 18 and substrate being pro-
cessed. Heat conductive fluid 106 may be any suitable liquid
or gas, including but not limited to helium, nitrogen, or hydro-
gen. In another aspect, the heat conductive fluid 106 may be

10

15

20

25

30

35

40

45

50

55

60

65

6

preheated before entering inlet tube 38 to reduce any heat loss
between susceptor heater 30 and susceptor 18, or the heat
conductive fluid 106 may enter the heating cavity 70 without
any additional preheating as necessitated by the particular
processing conditions. Further, the heat conductive fluid 106
can be used to achieve the opposite effect of cooling the
susceptor 18 and susceptor heater 30 by cooling or chilling
heat conductive fluid 106 and pumping the fluid through
heating cavity 70 to remove the heat built up in the susceptor
and susceptor heater to increase green to green time. Still
further, the same concept can be used to rapidly increase the
susceptor and susceptor heater temperatures by pumping pre-
heated heat conductive fluid 106 within the heating cavity.

Referring now to FIG. 5, the heat conductive fluid 106
continues traveling radially outward until reaching fluid line
exit 88 and traveling downward into slot 52. Once heat con-
ductive fluid 106 enters slot 52, the heat conductive fluid is
directed radially inward below the heater section 48 where a
resistive heater 112 is positioned therein. Thus, the heat con-
ductive fluid 106 is no longer providing the advantageous heat
or energy transfer to susceptor 18 once the fluid is within slots
52 and traveling radially inward towards outlet tube 40. The
heat conductive fluid 106 travels radially inward through slot
52 until reaching the through hole 53 in fluid communication
with outlet tube 40 to direct the heat conductive fluid 106 out
of the reaction chamber 10. Accordingly, this provides one
potential full cycle of travel for the heat conductive fluid 106.

FIG. 6 illustrates another exit path for heat conductive fluid
106 in an implementation. Specifically, heat conductive fluid
106 is again pumped into heating cavity 70 where the fluid is
directed radially outward until some or all of the heat con-
ductive fluid 106 reaches fluid line exit 89 in susceptor heater
30 and travels around lift pin bushing 84 and lift pin 82.
Further, the heat conductive fluid 106 may travel through an
opening 110 in radiation shield 42 and enter lower chamber
16. Thus, it is seen that the heat conductive fluid 106 can
provide an effective, efficient, and even means of transferring
thermal energy from the susceptor heater to the susceptor by
the presence of a heat conductive fluid 106 within the heating
cavity 70. While the present disclosure shows and describes
the heat conductive fluid as traveling radially outward when
providing the heat transfer from the susceptor heater 30 to the
susceptor 18, it is within the spirit and scope of the present
disclosure to reverse the fluid flow travel direction to provide
thermal energy transfer through the heat conductive fluid
while the fluid travels radially inward.

Advantageously, the disclosure provides a number of other
benefits, including but not limited to reducing a temperature
lag during wafer pick-up since the heat transfer is more effi-
cient, reduced power consumption and heater burnout due to
lower power settings and cooler heating elements in the sus-
ceptor heater from the more efficient energy transfer to the
susceptor, and increased cool down and warm up leading to
shorter windows of tool downtime.

FIGS. 7 and 8 illustrate a second aspect susceptor heater.
Susceptor 18 is positioned and oriented similar to the first
aspect susceptor and may include a plurality of lift pins 82, lift
pin bushings 84, and through holes 86. Shim 66 with aperture
74 may be positioned between susceptor 18 and susceptor
heater 30, with locating tabs 92 used to maintain the relative
position of the shim 66 on the susceptor heater while locating
pin 76 is used to prevent rotational movement of shim 66
during operation. Susceptor heater 30 may also include a
spacing member 34 and a heating member 32 with a heating
element 112 locating therein and through holes 114 aligned to
receive lift pins 82. Heating element 112 may be a standard
resistive heater element having one or more elements or coils
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to produce and direct the heat signature as necessary. Further,
heating element 112 may be similar to the heating element
112 of'the first aspect, which is used to heat the heat conduc-
tive fluid 106.

Heating member 32 of susceptor heater 30 may include a
sidewall 116 formed of bare aluminum, oxidized aluminum,
or machined stainless steel in non-limiting examples. These
three non-limiting examples are each generally low emissiv-
ity materials encouraging a rather low level of heat loss
through sidewall 116 of the susceptor heater. Bare aluminum
has an emissivity of approximately 0.2, while anodized alu-
minum has an emissivity of approximately 0.5 to 0.7, and
machined stainless steel has an emissivity of approximately
0.5.

Heating member 32 of susceptor heater 30 may also
include a heat conductive surface 118 facing susceptor 18 to
provide a more efficient heat transfer in the direction of the
susceptor 18. Non-limiting examples of heat conductive sur-
face 118 materials include aluminum nitride or aluminum
oxide, which have respective emissivities of 0.9 and 0.765.
Accordingly, it is seen that varying the heat conductive sur-
face 118 to provide a higher emissivity material than the
sidewall 116 provides for greater heat transfer directly to the
susceptor 18 and reduces energy lost from heating element
112. Still further, by increasing the surface roughness of the
heat conductive surface 118, even higher efficiency of heat
transfer can be accomplished. Therefore it can be advanta-
geous to polish sidewall 116 while increasing the surface
roughness of heat conductive surface 118.

FIGS. 7 and 8 illustrate the incorporation of shim 66 with
heat conductive surface 118 which extends to the edge of the
susceptor heater 30 and adjacent sidewall 116. While this is
one implementation of heat conductive surface 118, the heat
conductive surface 118 may terminate at an inner surface 72
of'shim 66 and be aligned with an outer perimeter of heating
element 112. Further, shim 66 may be omitted and there can
be direct contact between susceptor 18 and heat conductive
surface 118. Still further, when omitting shim 66 the heat
conductive surface 118 may extend to adjacent sidewall 116
or may terminate at a perimeter of heating element 112.
Although not shown, heat conductive surface 118 may be
positioned at only limited places on the face of susceptor
heater 32 to provide localized heating on only certain portions
of the susceptor 18.

A number of implementations have been separately dis-
closed. Nevertheless, a person of ordinary skill in the art will
recognize that it is within the spirit and scope of the disclosure
to combine multiple implementations. For example, heater
section 48 and particularly heating member top surface 46
may be coated with aluminum nitride or aluminum trioxide to
further increase the heat transfer efficiency of the heat con-
ductive fluid 106 within heating cavity 70. While this is just
one example, any number of suitable combinations may be
created within the spirit and scope of the disclosure, including
various aspects with or without shim 66.

These and other embodiments for methods and apparatus
for a reaction chamber having a shim between the susceptor
and heater to form a cavity for flowing a conductive fluid
therein may incorporate concepts, embodiments, and con-
figurations as described with respect to embodiments of appa-
ratus for heaters described above. The particular implemen-
tations shown and described are illustrative of the invention
and its best mode and are not intended to otherwise limit the
scope of the aspects and implementations in any way. Indeed,
for the sake of brevity, conventional manufacturing, connec-
tion, preparation, and other functional aspects of the system
may not be described in detail. Furthermore, any connecting
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lines shown in the various figures are intended to represent
exemplary functional relationships and/or physical couplings
between the various elements. Many alternative or additional
functional relationship or physical connections may be
present in the practical system, and/or may be absent in some
embodiments.

As used herein, the terms “comprises”, “comprising”, or
any variation thereof, are intended to reference a non-exclu-
sive inclusion, such that a process, method, article, composi-
tion or apparatus that comprises a list of elements does not
include only those elements recited, but may also include
other elements not expressly listed or inherent to such pro-
cess, method, article, composition or apparatus. Other com-
binations and/or modifications of the above-described struc-
tures, arrangements, applications, proportions, elements,
materials or components used in the practice of the present
invention, in addition to those not specifically recited, may be
varied or otherwise particularly adapted to specific environ-
ments, manufacturing specifications, design parameters or
other operating requirements without departing from the gen-
eral principles of the same.

What is claimed is:

1. A susceptor heater assembly comprising:

a heating member having a top surface;

a fluid manifold connected to the heating member;

a shim removably mounted on the heating member;

a susceptor having a bottom surface, the susceptor con-

nected to the shim;

a fluid line inlet traversing the heating member;

a fluid line in fluid communication with a cavity between

the bottom surface and the top surface; and

a heat conductive fluid introduced through the fluid line

inlet to provide heat conductive fluid to the cavity.

2. The susceptor heater of claim 1, wherein the fluid mani-
fold comprises an inlet port and at least one outlet port.

3. The susceptor heater of claim 2, wherein the at least one
manifold outlet port is positioned at an angle between 90
degrees and 180 degrees from the inlet port.

4. The susceptor heater of claim 2, wherein the at least one
outlet port is three outlet ports positioned about 120 degrees
apart from each other.

5. The susceptor heater of claim 1, wherein the fluid mani-
fold positions a susceptor on the susceptor heater.

6. The susceptor heater of claim 1, further comprising a
spacing portion.

7. The susceptor heater of claim 1, wherein the cavity
further comprises a variable cross-sectional area.

8. The susceptor heater of claim 1, wherein the heat con-
ductive fluid is selected from the group consisting of helium,
nitrogen, and hydrogen.

9. The susceptor heater of claim 1, further comprising at
least one fluid line exit positioned radially outside of the fluid
line inlet.

10. The susceptor heater of claim 9, wherein each of the at
least one fluid line exits surrounds a wafer lift pin.

11. The susceptor heater of claim 1, wherein each of the at
least one fluid line exits is in fluid communication with a slot
in the heating member.

12. The susceptor heater of claim 11, wherein the slot is in
fluid communication with an outlet port.

13. The susceptor heater of claim 1, further comprising a
heating element disposed within the heating member radially
inward from the shim.

14. A wafer processing apparatus comprising:

a susceptor having a top side and a backside;

a susceptor heater having a heating member;
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a shim removably mounted between the susceptor and the
susceptor heater;

a cavity formed by the susceptor backside, the susceptor
heater, and the shim;

a fluid inlet communicating with the cavity, the fluid line
configured to provide heat-conductive fluid to the cav-
ity; and

at least one fluid outlet communicating with the cavity.

15. The wafer processing apparatus of claim 14, further
comprising a heat conducting fluid flowing through the fluid
inlet, the cavity, and the at least one fluid outlet.

16. The wafer processing apparatus of claim 15, wherein
the heat conducting fluid is selected from the group consisting
of helium, nitrogen, and hydrogen.

17. The wafer processing apparatus of claim 15, wherein a
heating element is disposed within the susceptor heater and
provides thermal energy to the heat conducting fluid.

18. The wafer processing apparatus of claim 14, wherein a
fluid flows radially outward from the fluid inlet to the plurality
of fluid outlets through the cavity.

10

19. A method of heating a susceptor in a wafer processing
chamber comprising the method of:

providing a susceptor having a top side and a backside, a

susceptor heater having a heating member, a shim
removably mounted between the susceptor and the sus-
ceptor heater, a cavity formed by the susceptor backside,
the susceptor heater, and the shim, and a fluid inlet
communicating with the cavity;

heating the heating element; and,

flowing a heat conductive fluid through the fluid inlet, the

cavity, and at least one fluid outlet.

20. The method of claim 19, wherein the heat conductive
fluid is selected from the group consisting of helium, nitro-
gen, and hydrogen.

21. The method of claim 19, wherein the fluid inlet orients
the fluid flow within the cavity.

22. The method of claim 19, wherein the heat conductive
fluid is cooled prior to the flowing step to reduce the susceptor
temperature.



